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(57) Abstract 



A method to detect the presence of nucleic acid sequences by agglutination of a generic particle reagenL Known methods 
require a specific particle reagent for each sequence to be detected. In the presence of a given nucleic acid sequence a nucleic acid 
species is formed which -comprises at least two binding partners. The generic particle reagent is coated with a specific binding 
partner which can bind-to the binding partners in the nucleic acid species and thus lead to agglutination of the particle. The meth- 
od may also be used to detect mutati ns in a nucleic acid sequence. A preferred embodiment uses a hapten such as fluorescein as 
the binding partner in the nucleic acid species and anti-hapten antibody coated particles such as anti-fluorescein antibody coated 
latex as the generic particle reagent 
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NUCLEIC ACID DETECTION METHOD USING PARTICLE AGGLUTINATION 

The present invention relates to the detection of specific 
target nucleic acid sequences using particle agglutination, and in 
particular to the use of generic particle reagents to detect the' 
presence or absence of many different target nucleic acid sequences. 

Many of the methods presently available for detecting 
nucleic acid sequences are relatively complex procedures and are 
laborious to perform. Examples are described in Hybridisation, by 
B.D. Ham,s and S.J. Biggins (Eds) IRL Press 1985 and J. A. Matthews et 
al, Analytical Biochemistry, 169, 1988, 1-25 (Academic Press). A 
typical method involves binding the nucleic acid sequence to be 
assayed to a solid support such as nylon. This is probed vith a 
complementary nucleic acid sequence containing a label. Any probe not 
bound to the target is washed away. Any label remaining bound to the 
solid support is detected by appropriate means. For example if the 
label was P it could be detected by autoradiography or if it was an 
enzyme then an enzyme substrate could be applied to develop a signal 
such as colour. 

Alternative methods involving the use of canture probes are 
also known. Capture probes are labelled vith a specific binding 
partner vhich is used to immobilise the specific nucleic acid sequence 
on a solid phase such as a microtiter well. These capture probes are 
used in conjunction vith signal probes containing a detectable label 
such as P or an enzyme as described above. Only when both the 
capture and signal probes bind to the specific sequence to be assayed 
does signal remain bound to the solid phase after vashing to remove 
unbound probes. 

K. Kleppe et al in J. Mol. Biol. (1971). 56, 341-361 
disclose a method for the amplification of a desired DNA sequence. 
The method involves denaturation of a DNA duplex to form single 
strands. The denaturation step is carried out in the presence of a 
sufficiently large excess of tvo nucleic acid primers vhich upon 
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be assayed then the spontaneous agglutination of the particles vill be 
inhibited. A disadvantage of the above method is that specific 
nucleic acids must be bound to the particles for each nucleic acid 
sequence to be assayed. This is time consuming and laborious for the 
manufacturer. Furthermore the number of solid phase components is 
generally best kept to a minimum if a panel of tests using particulate 
solid phases is to be automated by for example instrumentation for 
liquid handling. Solid phase components often need to be mixed before 
use, making instrumentation more complex than simply dispensing 
liquids. The, method disclosed in PCT VO/87/05334 "requires a different 
particulate solid phase for each test which is a disadvantage for such 
automation. It is desirable to provide further methods for the 
detection of nucleic acid sequences utilising particle agglutination 
which overcome, at least in part, the disadvantages of the prior art. 

The present invention is based on the discovery that a 
specific target nucleic acid sequence may be detected by particle 
agglutination utilising specific binding partner coated particles 
vhich do not directly hybridise to the target nucleic acid sequence. 
Thereby a generic particle reagent may be utilised to eliminate the 
need for the manufacturer to produce a specific solid phase for each 
nucleic acid sequence to be assayed. A further advantage of the 
invention is to simplify the process of automation of the assay method 
due to the reduction of the number of solid phase components needed 
for a panel of tests. The present invention has useful sensitivity to 
exploit the invention on convenient systems of detection such as 
spectrophotometers. Customer convenience may also be improved. 

According to one feature of the present invention we provide 
a method for detecting the presence or absence of a target nucleic 
acid sequence in a sample by particle agglutination which method 
comprises contacting specific binding partner coated particles vhich 
do not directly hybridise to the target nucleic acid sequence with .a 
species comprising nucleic acid vhich species is formed as a function 
oi the presence or absence of the target nucleic acid and vhich also 
comprises .j.t least tvo monovalent binding partners vhich may be tne 
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same or different and detecting the presence or absence of particle 
agglutination mediated by said species. Preferably at least tvo 
target nucleic acid sequences, more preferably at least 3 target 
nucleic acid sequences, more preferably at least 4 target nucleic acid 
sequences and especially at least 5 target nucleic acid sequences are 
detected using only one specific binding partner coated particle. 

The following glossary of terms used in the present 
specification is provided to assist the reader:- 

The term "specific binding pawner" "as used herein relates 
to a member of any specific binding pair for example antigen/antibody, 
hapten/antibody, biotin/avidin, biotin/streptavidin, nucleic acid 
sequence/complementary nucleic acid sequence, sugar/lectin or 
compound/binding moiety (eg thyroxine/ thyroxine binding globulin). 

- -The term "antibody- as used herein includes whole antibodies 
and antibody fragments comprising at least part of the binding site 
for example Pab and Pv fragments (Methods in Bnzymology 178, Academic 
Press 1989) and Dabs (Vard, E.S. et_al., 1989 Nature 341, 5A4). 

The term "generic particle" as used herein relates to the 
ability of the same particle reagent to be used for the assay of more 
than one specific nucleic acid sequence. 

The term "monovalent binding partner" as used herein is 
defined as a member of a specific binding pair incapable of forming 
crosslinks between the particles coated with the other member of the 
specific binding pair, such that spontaneous agglutination of the 
particles in the absence of target nucleic acid sequence does not 
occur. The monovalent binding partner (mbp)is selected such that it 
cannot form a complex with more than one molecule of the other member 
of the specific binding pair. If it did it may be possible to for- 
crosslinks between particles and agglutination would be possible in 
the absence of the specific nucleic acid sequence to be detected 
Particularly convenient examples of monovalent binding partners (.bp) 
include ..fluorescein and biotin. If the monovalent binding partner is 
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of a size vhere it is sterically possible to bind .more than one 
molecule of the corresponding binding partner this puts restrictions 
on the properties of the latter such that it can only bind to one 
site. For example if the monovalent binding partner is human - 
chorionic gonadotropin (hCG) then a suitable corresponding binding' 
partner is a monoclonal antibody to a single epitope on hCG but not a 
polyclonal antibody recognising multiple epitopes. However in the 
case of a hapten such as fluorescein, polyclonal antibodies are 
adequate since only one molecule can bind for steric reasons. If the 
monovalent binding partner consists of a nucleic acid sequence "this i< 
preferably selected such that under the assay conditions it does not " 
bind to sequences in the samples but only hybridises to the 
complementary sequence on the particles in a 1:1 ratio. For certain 
specific binding partner pairs the juxtaposition between particle and 
probe is important. For example, polyclonal anti-fluorescein antibody 
on particles and fluorescein on the probes is satisfactory but the 
converse would lead to spontaneous agglutination of particles in the 
absence of target. 

The term "hybridised" as used herein includes hybridisation 
between a polynucleotide probe and a desired target sequence but 
excludes hybridisation between a polynucleotide probe and non-desired 
nucleotide sequences, 

the term "elongation of a nucleic acid sequence" is defined 
as the formation of a nucleic acid polymer wherein at least one of the 
monomers incorporated into the newly synthesised polymer comprises a 
monovalent binding partner. Preferred examples include polymerase 
mediated extension by for example DNA or RNA polymerase enzymes with 
at least one nucleoside triphosphate labelled with a low molecular 
-eaght rabp such as fluorescein, ' biotin or digoxigenin used as a 
substrate. 

The term "specific binding partner coated particles" may 
comprise one or more types of particles coated with one or more types 
of specific binding partner. P referably one type „ f particle 
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coated vith one type of specific binding partner. Conveniently the 
particles may be coated vith antibodies. Particularly preferred are 
polystyrene latex particles coated vith immunoglobulin class G 
antibodies specific for a particular antigen or hapten. 

There are a number of vays to detect particle agglutination 
ranging from simple visual examination through to sophisticated 
particle counting instrumentation commercially sold as PACIA • 
(Collet-Cassart et al^ Clinical Chemistry, 27, 64, 1981). This and 
other methods are discussed in the Bangs" (1984) reference. The method 
of detection vill depend upon the sensitivity required. If 
amplification techniques such as PCR are used to provide relatively 
high concentrations of target nucleic acid then expensive systems such 
as PACIA should not be required. In these cases it is highly 
desirable that agglutination be measured on instruments widely 
installed^ laboratories at present. These include so-called 
clinical chemistry machines which have detectors for absorbance ,and 
sometimes nephelometry. - 

The method of the present invention is applicable to 
molecular biology research and to all areas of diagnostic medicine and 
other diagnostic sciences, for example forensic, agricultural, 
veterinary or food sciences where it is necessary to detect or measure 
specific nucleic acid sequences. In particular it is applicable to 
the detection of infectious micro-organisms and to the detection of 
mutations, deletions and rearrangements vhich give rise to various 
inherited diseases and predispositions. A further application of the 
invention is that it may be used to measure nucleic acids that are 
themselves generated as part of an assay method, for example the RNA 
sequence that is generated by Q-beta replicase as described in Nucleic 
Acids Research, U, (1986), 5591-5603. A particularly advantageous 
use is for the assay, of DNA sequences generated by PCR including the 
amplification refractory mutation system as described in our copending 
European patent application number 332435. Further advantageous uses 
are in relation to the transcription based amplification system of 
SiskaJMagnostics as described in PCT WO 88/10315 and the ligase 
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mediated amplification system of Biotechnica International described 
in EP 320308. Alternatively it may be used to detect sequences 
occuring naturally in high copy numbers such as ribosomal RNA. Thus 
the present invention may be advantageously applied to a vide range of 
nucleic acid assay designs. 

The prozone phenomenon is veil understood by the ordinary 
scientist vorking in the field of agglutination assays and is 
discussed by Bangs (1984). This phenomenon principally relates to the 
presence of an excess of target over the reagents involved in the 
agglutination reaction. In these conditions the amount of target can 
be so great as to reduce the amount of agglutination compared vith 
lover concentrations of target. The behaviour of such samples in an 
assay is that the degree of agglutination vill increase upon dilution 
of the sample over a given range. Thereafter a plateau vill be . 
reached -before the degree of agglutination becomes directly 
proportional to the target concentration. These samples can give rise 
to false negative results and therefore the assay components are 
preferably optimised to minimise this effect. 

The particles can be any particulate insoluble material 
capable of being coated vith a member of a specific binding pair. 
Examples include latex (see Bangs 1984 for a discussion of types of 
iatex particles), charcoal, colloidal gold t __glass, red blood cells and 
liposomes. Polystyrene atex particles are particularly convenient. 
The optimum properties of the particle vill depend on the specific 
application. Generally the particles vill be selected such that 
settling out during the assay is minimised for example by selecting 
the particles to have approximately the same density as the assay 
medium and the size of the particles vill be chosen such that there is 
good discrimination between the agglutinated and non-agglutinated 
particles in the detection system. For example in an instrumented 
optical detection' system the vavelength of light will have an effect 
on the optimal particle size and in a system involving filtration the 
unagglutinated particles vill be selected to migrate through the * 
filter matrix whereas the agglutinated particles vill be trapped; ' 
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Preferably the particles will be in a size range of 0.01-10 um. more 
preferably 0.1-5u». conveniently 0.5-2.5um. advantageously 0.7-0*:9um 
and especially 0.8um. 

The coating of the particles with specific binding' partner ' 
may be by covalent or non-covalent means. As an example of 
non-covalent coating, antibodies are adsorbed onto the surface of 
polystyrene latex particles by mixing the components in an appropriate 
buffer and washing to remove unbound antibody. As an example of 
covalent coating, antibodies can be covalently linfed to latex 
particles with carboxylic acid groups on their surface. Crosslinking 
agents such as water soluble carbodiimide can link the carboxylic aci'd 
groups on the latex to amino groups on antibodies. These and other 
approaches are discussed in the Bangs reference. Methods to coat 
nucleic acids onto particles are discussed in PCT WO 87/05334. These 
includejirect covalent bonding to the particles or covalent bonding 
to molecules such as protein on the particles. In some cases it can 
be advantageous to incorporate components into the particles which aid 
the detection of agglutination. For example dyes can be incorporated 
into latex particles (Bangs, 1984). This may be advantageous where 
visual detection is employed for example using blue particles in a 
vhite filtration device. In some cases there will be some 
agglutinated particles present after the coating process or the 
particles may tend to agglutinate spontaneously on storage due to a 
natural affinity between the particles. These issues have been 
discussed in a Newsletter from Bangs Laboratories Inc, 979 Keystone 
way, Camel. IN 46032, USA in December 1989. 

The sample is generally of biological origin, for example 
ootained from humans, such as blood, tissue, sputum and urine; or 
swabs taken from various sites on the body such as urogenital or 
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Nucleic acid comprises DNA or RNA and the polynucleotide 
prooes include polynucleotides of DNA, RNA or any other kind 
nyoridisable to nucleic acid sequences. It will be appreciated that 
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such nucleic acid sequences may include base analogues as veil as 
naturally occuring bases cytosine, adenine, guanine, thymine and 
uracil. Such base analogues include hypoxan thine, 2,6-diaminopurine 
and 8-azaguanine. The probes may be in double stranded (ds) or single 
stranded (ss) form but are preferably in single stranded" form. Double" 
stranded probes are denatured before use- They may be prepared by 
direct synthesis, polymerase mediated extension reactions or by 
cloning or any other convenient method. 

According to a further feature of the present invention ve 
provide a method for detecting the presence or absence of a target 
nucleic acia sequence as hereinbefore described wherein at least one 
of the monovalent binding partners has been incorporated into the 
species by hybridisation of a polynucleotide probe comprising one copy 
of a monovalent binding partner. A preferred embodiment of the 
invention comprises the hybridisation of at least tvo, and preferably 
more, of tEe polynucleotide probes to the target sequence. The 
polynucleotide probes are preferably oligonucleotides all labelled 
vith the same monovalent binding partner (mbp) such as fluorescein. 
One type of particles are preferably used such as latex particles 
coated vith anti-f luorescein antibodies. Agglutination of the 
particles can be detected by appropriate means. The advantage for the 
manufacturer of this embodiment is one of simplicity and 
cost-efficiency since only one particle reagent need be produced and 
oligonucleotide probes may be conveniently synthesised in adequate 
amounts on commercially available instruments. 

Suitable conditions for hybridisation are well knovn to the 
scientist of ordinary skill. Convenient temperatures for 
hybridisation include ambient temperature, typically 20 to 25 degrees 
Centigrade, as veil as other temperatures belov the melting 
temperature of the probe and its complementary sequence. The pH of 
the reaction buffer is generally neutral or moderately alkaline, for 
example pH 7.5 to 9.0 and the ionic strength is chosen such that the 
desired hybridisation occurs but unvanted hybridisation vith other 
sequences is excluded. 
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can be minimised by the following techniques: 

(i) By the use of relatively short PCR products, conveniently those 
less than 10 0 base pairs, the melting temperature of the origin 
auplex is minimised. 
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to the corresponding binding partner on the particle reagent and it 
does not significantly inhibit the f rmation of nucleic acid polymer - 
compared with the nucleoside triphosphate vithout mbp attached. 
Another example is the production of an RNA polymer using an RNA 
polymerase and incorporation of mbp labelled nucleotides from 
nucleoside triphosphate with mbp attached such as may be applied to 
the transcription amplification system of SISKA Diagnostics. A 
further example is the production of an RNA polymer using a replicase 
such as Q-beta replicase and incorporation of mbp. labelled nucleotides 
from nucleoside triphosphate vith mbp attached. 

According to a further feature of the present invention ve 
provide a method for detecting the presence or absence of a target 
nucleic acid sequence as hereinbefore described wherein at least one 
of the monovalent binding partners has been incorporated into the 
species by extension of a polynucleotide primer comprising one copy of 
a monovlieftt binding partner. A preferred method comprises contacting 
the sample nucleic acid with two oligonucleotide primers, each- 
containing one copy of a monovalent binding partner and performing 
PCR amplification as described above. Subsequently particles coated 
vith the corresponding binding partner to the monovalent binding 
partner on the primers are added. Incorporation of the primers into a 
double stranded PCR product will result in agglutination of the 
particles which can be detected by appropriate means. The monovalent 
binding partner (mbp)used on the PCR primers must be compatible with 
the reaction conditions used in the PCR amplification. Firstly the 
mbp must retain its ability to bind with the binding partner onthe 
particles after the PCR. Secondly the mbp must not significantly 
inhibit the ability of the oligonucleotide primers to be acted upon by 
the DNA polymerase used in the PCR. Since the extension is from the 
3' end of the primer the mbp may be best situated at the 5' end. Only 
a double stranded PCR product will lead to agglutination and therefore 
single stranded PCR products as generated by asymmetric PCR or by 
exonuciease treatment of double stranded PCR products is unsuitable. 
It is preferable to remove unincorporated PCR primers from the PCR 
product before addition of the particle reagent. This ensures that.' 
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the amount of particle reagent used is minimised. This may be" 
achieved by the use of for example microf iltration with for example 
Centricon-100 tubes as outlined above. Furthermore the removal of 
unincorporated primers may keep the amount of particle reagent.used 
vithin the range of any optical instrumented measurement.' Note that 
in a typical PCR reaction the unincorporated primers may be in a 
10- fold excess over primer incorporated into PCR product. 

According to a further feature of the present invention we. 
provide a method for detecting the presence or absence of a target 
nucleic acid sequence as hereinbefore described wherein the species 
comprises only two monovalent binding partners one of which is 
attached to a polynucleotide probe which hybridises in an allele 
specific manner. In this manner the invention may be advantageously 
applied to the detection of mutations in a target nucleic acid 
sequence^ ^convenient example for the detection of mutations 
comprises the use of 2 nucleotide probes only, each with one copy of 
mbp, and one of the two probes being directed to the mutation locus of 
interest. Hybridisation conditions are then optimised such that the 
probe directed to the mutation locus of interest binds in an allele 
specific manner i.e. it binds to the locus if the mutation is present 
out not if it is absent, conversely if the probe is directed to the 
normal allele the probe binds if the normal allele is present but nc: 
if it is absent. The second probe is designed such that it binds tc 
the target sequence regardless of the presence or Absence of the 
mutation locus. Subsequently the particle reagent is added and 
agglutination occurs only if both probes have hybridised to the target 
sequence. For example the Phe 508 mutation responsible for some cases 
of the inherited disease cystic fibrosis could be examined. 

According to a further feature of the present invention v* 
provioe a method for detecting the presence or absence of a target 
nucleic acid sequence as hereinbefore described wherein the species 
comprises only two monovalent binding partners separated by a 
restriction endonuciease site. This provides a further example or re- 
invention may be advantageously applied to the aetection o: 
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mutations-in a target nucleic acid sequence. Restriction end nuclease 
sites have been used in the diagnosis of human genetic diseases (Kan 
Y.V. and Dozy A.N. (1978] Lancet, 2, 910-912). A convenient example 
comprises treatment of the species vith a restriction endonuclease 
whose action is dependent on the presence or absence of -a particular - 
mutation in the target nucleic acid sequence before addition of the 
coated particles. Agglutination of the coated particles vill be 
impaired if the restriction endonuclease has acted on the species to 
sever the linkage between the two monovalent binding partners. 

According to a further feature of the present invention ve 
provide a method for detecting the presence or absence of a target 
nucleic acid sequence as hereinbefore described wherein at least one 
of the monovalent binding partners has been incorporated into the 
species by ligation. For example a DNA ligase may be used to link an 
oligonucleotide comprising a mbp to the species. A particularly 
convenient-example comprises the ligase mediated amplification system . 
of Biotechnica International described in EP 320308 wherein of the 
four oligonucleotides only two comprise a single copy of a monovalent 
binding partner and these two must not comprise complementary nucleic 
acid sequences. 

According to a further feature of the present invention ve 
provide an assay kit which comprises specific binding partner coated 
particles and/or means for sample preparation -and/or means for 
generation of a species comprising at least two monovalent specific 
binding partners as described above together with appropriate 
packaging and instructions for performing a method as described above 
according to any feature of the present invention. Preferably the 
assay kit comprises only one specific binding partner coated particle 
and means for generation of at least 2 nucleic acid species. 

According to a further feature of the present invention we 
provide the use of only one specific binding partner coated particle 
ror detection of the presence of absence of at least two nucleic acid 
sequences according to the method defined above. 
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Brief description of the dravings: 

Figure 1 shovs a diagrammatic representation of a preferred embodiment 
of the invention wherein target nucleic acid strands (1) have 
hybridised with complementary oligonucleotide probes (2) labelled with 
the monovalent binding partner (mbp) such as fluorescein as 
represented by the letter »M«(8) vhich has resulted in agglutination 
of particles (4) coated with anti-fluorescein antibodies (5). 
Figure 2 shovs a diagrammatic representation of a preferred embodiment 
of the invention vherein; (i) a target DNA strand (1) is hybridised 
vith an oligonucleotide primer (6) and; (ii) the elongated nucleic 
acid sequence (7) vherein monovalent binding partners represented by - 
the letter -M»(8) have been incorporated from mbp labelled 
deoxynucleoside triphosphates using a DNA polymerase to catalyse the 
reaction, this species can agglutinate particles coated vith binding 
partners_for the mbp. 

Figure 3 sho^s a diagrammatic representation of a preferred embodiment 
of the invention vherein; (i) shovs a double stranded DNA target (9) 
aligned vith 2 oligonucleotide primers (10) labelled vith monovalent 
binding partner represented by the letter «M"(8) and ; (ii) shovs the 
species produced (U) after subjecting the target and primers of (i) 
to amplification by polymerase chain reaction, said species can 
agglutinate particles coated vith binding partners for the mbp. 
Figure A shovs a diagrammatic representation of a preferred embodiment 
of the invention for the detection of mutations in a target nucleic 
acid sequence (1 ) comprising a mutation locus (12) aligned vith 1 
oligonucleotide probe (13) complementary to the region containing the 
mutation locus and another oligonucleotide probe (^complementary to 
an adjacent region, both probes (13) and (14) labelled vith mbp 
represented by the letter »M»(8). Hybridisation of both probes vill 
result in agglutination of particles coated vith binding partner for 
mbp. and if assay conditions are selected such that probe (13) 
hybridises m an allele specific manner agglutination of the particles 
vill only result if tne fully complementary sequence to probe (13) is 
present in the target. 

Figure 5 shows a diagrammatic representation of a preferred embodi. 
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of the tn.enti „ £or the Morion „ f . utation loci ^ ^ 

dige.ti.„ vith a restriction e„do„ude..e .herein . doubl . stMn(j , d 
nucl.ic .cid .pecie. a 5) generated 6, PC „ sin g pciTCCS labellei 
•bp, ..id priMT. aligned to M pl ify the «,,,„„, Wus „ f 

M > .ep.r.ted by . retraction endonucleaae .it. (16) . Iteat>ent 

th.. .peer,. »ith .„ ,ppropri.te restriction .ndonucl.,.. »iu 
result in the Unit be,..e» the 2 .bp. being severed if the diegnostic 
«« .. dtge.,ed end subsequent agg lutl „, ti o„ of .perticle. co.,ed vitb 
binding partner for the .bp .ill be inhibited. 

Figure 6 .ho., a disgrace repre.ent.tion of , preferred enbodinen, 
of the tnventron applied to the l igM e .edi.ted salification 

.«««,! r f iemi Bith a doubie stra - ded -»•*« •<» 

ZT • y " "< 1» are labelled . ith 

•hp «) -MU) the specie, pr^., a£tet litase „ dIat „ 

:::ie" c ;::r::. vm """^ — — - 

th^foUouing ^.Hnitiog Ex ,„ plas „. fiven by vay o£ iUimtation 

SSPiii 1 - Preparation of Jaje, particle, coated .ith 
anti-fluoresrcin antibody 

Anti-fluorescein antibodie. (obtained fro. International Laboratory 

ZZZ' u " d0 "• ,K, • partially purified lto - ^ — » -2- 

3U phate prestation ha»e been passively coated onto 77e„. dianeter 
ystyreoe late. p articles (Rhone . Poule „ c , ^ ~£ 

3i. 3or ,./», ) « cordlne t0 the method of Basson 

-y..logy. „„,, 10c . ^ Jw ^ _ - - 

:r; 0 : jr?- looui ° £ » ^ . 

noul of 10, later ,v,v)a„d 700ul of 0.2X glycine buffered .aline (GBSl 
u.«o ,„ p„ 6 . 8 vith „ cl) vere addeJ [o t i m • 
" ""i" - te 30 30 .in incubation „ t00 . . 
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mperature-the tube vas centrifuged at 13500rpm for 2min, the 
supernatant aspirated- and 1ml of 0.2X GBS was added. This wash step 
vas repeated once vith 0.2X GBS and once vith IX GBS, IX bovine serum 
albumin (BSA) , (GBS-BSA) . The latex vas stored in 1ml of GBS-BSA 
overnight at 4 degrees C. After sonication for 20 sec (using an • 
Ultrasonics Inc V 375 model set to continuous, 50* duty cycle, output 
control set at 5) it vas ready for use. The vorking latex suspension 
is a 1/28 dilution of the latex stock «a 0.01*). 

Example 2, - Preparation of fjuorescein labelled oligonucleotide 

5'(aminohexylphosphoryl) oligonucleotides vere labelled vith 
fluorescein isothiocyanate (FITC) according to a method (vith 
modifications) described in "DNA modification reagents for use in 
automated DNA synthesis, A users manual- (1989), P gl 2 , published by 
Clo„tech L 200ul of the crude We synthesis scale oligonucleotide 
«? 20 0D- units - synthesised on an Applied Biosystems automated DNA 
synthesiser using protocols recommended by the manufacturer) vas made 
up to 900ul vith deionised vater. lOOul of 1M sodium carbonate 
sodium bicarbonate buffer P H7 vas added and the mixture vortexed 
250ul of a freshly prepared lOOmg/ml P1TC in dimethylformamide vas 
added to the oligonucleotide solution, mixed veil and incubated 
overnight in the dark at room temperature. (Note if the solution had 
precipitated overnight," 250ul of 0.1M sodium bicarbonate, sodium 
carbonate buffer P H9 vas added and the mixture incubated at 42 degrees ' 
C until the precipitate redissolved. The mixture vas the desalted 
oovn a Nap-25 column using pH7 carbonate buffer.) The fluorescein 
labelled oligonucleotide vas then purified by reverse phase high 
performance liquid chroma tography(HPLC) on a RP-C18 analytical column 
(4.0mm X 250mm) from Waters Chromatography. The gradient vas from 
0.1M tnethylamraonium acetate to 90* acetonitrile in 0.1M 
triethylammonium acetate. The purified oligonucleotide vas desalted 
by passing it down a Nap 25 column (Pharmacia) and eluting in 
deionised vater. 
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Examplg-Tr Hybridisation conditions 

Hybridisations have bean carried „ ot usin , oligonucLoUd. t , 
equi.olar concentration. „f oligonucleotide probes as described balov. 

In KM of GBS-BSA buffer add lOOp-las of target nucleic acid 
seance and lOOpaoles of each fluorescein labelled oligonucleotide 
probe, incubate for 30.i„ at r„™ teaperatura ,„ alio, hybridisation 
to occur rapidly at high D«» concentration. The hybridised solution- 
van tben diluted in OBS-.S. ,-f.id to give a target and probe 
concentration of 25 pnol M/100ul „„ then ,„ ^ „ f .„ 

" * £iMl - P^ba concentration of . 

™,Tr. I , 5 :'""' h " M "" " «*- • - 1-3 hours later 

The -fold dilation of ,h. hybridist amotion .as serially diluted in 
l-fold_steps and treated si.il.ny „ g iv « £inal J 
concentration, of ,.,«, 0.57, 0.28 and O.Upaol/loOul. Pith this 
assay design agglutination of the particles produces a decrease in 
optical density. crease in 

gSBEiS i - Egerijent to deject MgluUnatj^ g UtM par , icles 

ihe irsssnce of a Majr oUjojucWde 335, „aT£»r : 

fluoresceinlvr^ o lig 0 n UcleoH d. p,.^ 

l^TwZ Per£ °" ed " deS " ib * d — ^ 3 - «— targe, 
» •« incubated ,1th 4 15„ ec p „ bes (SEQ „ B „ s 

3 1ab.U,d.i th fluorescein according to fb^pl. 2) . IubK 2 . 
contain target and probes, tube 1 contains neither target nor probe as 

control, tubes Ml contain no targe, as controls and tubes Lie 
contain no probes as controls. 
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Tube ^rarget(pmol) Probe(pn,ol) 



2 
3 



8 
9 

10 

11 

12 

13 

14 

15 

16 



2-27 2.27 

1.14 1.14 

0.57 0.57 

•0-28 0.28 



0.14 
0 

- 0 
0 
0 
0 

2.27 
1.14 



0.14 

2.27 

1.14 

0.57 

0.28 

0.14 

0 



0.57 o 
0.28 o 
0.14 n 



00 Cin OD 147 rai n change in 00 
2.062 2.055 



2.067 1.998 
2.058 1.994 
2,068 2.019 
2-063 2.035 
2-070 2.057 
2-063 2.048 
2.068 2.053 
2-067 2.055 
2.074 2.065 
2.069 2.066 
2.066 2.065 
2-073 2.069 
2-072 2.069 
2-072 2.069 
2-074 2.071 



0.007 
• : 0.069 
0.064 
0.049 
0.028 
0.013 
0.015 
0.012 
0.009 
0.009 
0.003 
0.001 
0.004 
. 0.003 
0.003 
0.003 
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Note that agglutination occurs "in the presence of both 
target nucleic acid sequence and probes but to a significantly lesser 
extent in the absence of one or the other or both. 

ExasDle 5 - Experiment to test for HSiHixj^ ^ ^. p £He|1£ ^ of a . 
non-complementary target nucleic acid sequence ~." ~ 



on 



The experiment vas set up as indicated belov to compare agglutinati 
in the presence of a target oligonucleotide (SBQ ID N0:1) 
complementary to the fluoresceinlyated probes (SEQ ID N0S:2 f 3,4,5) ' 
vith a non-complementary target oligonucleotide (SEQ ID NO: 6). ' 



Tube oligo 1 oligo 6 oligo probes 0D Omin 0D 145min Change OD 
(pmol) (pmol) (pmol) 



1 T ' 1J ~ 0 2.27 2.133 2.077 

2 l '" ° I'M 2.132 2.066 

3 0 ' 57 0 0-57 2.136 2.073 



0.056 
0.066 
0.063 

2.134 2.100 ' 0.034 
l * U 1*" 2.137 2.121 



0 2.27 2.27 



6 ° °- 57 0.57 2.143 2.129 

2 - 27 2.139 2.135 



7 0 o 

8 0 n 



2.139 2.131 



0.016 
0.014 
0.004 
0.008 



0 



0.57 



2.141 2.133 0.008 



Note that agglutination occurs to a lesser extent in the presence of 
non-complementary target compared vith complementary target. 
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f**f?: SaSSS" to ^ the of 2 

3 or 4 fluoresceinvlarow grgbes^ H_££ence ot 2, 

The experiment vas performed using 2 (SEQ ID NOS'2 3) w«o T „ 
N0S:2, 5> 3) or 4 (SEQ ID N0S:2 5 4 3 w, ^ ^ ID 

oligonucleotide probes. ' ' fWescein ^ " ' 

Tube Number of Target Probe 0D Omin 0D ll lnin change in 0D 
*r°bes (pmol) (p n ol) 10 ° D 



1 



2 4 

3 J 

* 3 0 



1.14 
0 



5 2 



6 2 o 

7 0 o 



1-14 2.065 I.934 

1.14 2.070 2.057 

i'l* L14 2.070 1.978 

1-14 2.071 2,056 

.1-14 2.073 2.019 

1-14 2.075 2.058 

0 2.071 2.072 



1.14 



0.131 

0.013 

0.092 

0.015 

0.054 

0.017 

6.001 



Note that the signal to noise ratio improves as th. k 

is increased from 2 to 4 m . , Umber o£ P robes 

trom i to 4. Nonetheless even vith 7 n^«k 

agglutination has occured. P " s ^ nifi "nt 
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Example 7 - Detection of . PCR pro H„ Pt using 3 nuorgHelxglated 
oligonucle tide p robeg 

The target in this example vas a A00 base PCR product f rom the 
ampliation of a region of the major outer membrane protein (MOMP) 
sequence in Chlamydia trachomatis (serovar L2) 

zrZTr lu \ of proteinase k treated lz < en ^ «■ -*«- 

all deOXynUCleoside diphosphates, lOOpmoles of primer 8(see 
appendax for primer sequences), l pao le of primer 7, 2.5 units of Taq 

:;eir f r 9 r~; at woc ' — ^ - « * 

Hybridisations of PCR product vith 3 fluoresceinylated 
oligonucleotides (SEQ id nos« 5 * — a • 

were for 2h > " * t0tal VoluBe of 30 »* 

were for 2h at room temperature before addition to the latex 

suspension as indicated belov. 

Other details of the hybridisation vere as for Example 3. 
The experiment was set up as indicated belov: 



Target 
(Ul of 

PCR reaction 
hybridised 
vith probes) 



oD(Oain) OD(overnight) - Change in OD 

(pmol added to 
1.1ml of vorking 
latex suspension) 



2.5 
0 



0.5 
0.5 
0.25 
0.25 



1.828 
1.823 
1.822 
1.825 



Note that there i 
presence_of target 



1.603 
1.735 
1.651 
1.752 



s a significant increase in the 0D change 



0.226 
0.088 
0.171 
0.073 
in the 
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SEQUENCE LISTING 
INFORMATION FOR SF.n ID NO; t 

(i) SEQUENCE CHARACTERISTICS: 

LENGTH: 60 bases 
TYPE: nucleotide 
STRANDEDNESS: single 
TOPOLOGY: linear 

(ii) SEOUENCE DESCRIPTION SEQ ID NO:l 

TTGCCGCTTT GAGTTCTGCT TCCTCCTTGC AAGCTCTGCC TGTGGGGAAT CCTGCTGAAC 60 

INFORMATION PQR SEP ID Nfl? 2 
(i)SEQOENCE CHARACTERISTICS: 
LENGTH: 15 bases 

TYPE: Nucleotide (fluorescein labelled at 5') 
STRANDEDNESS: Single 
TOPOLOGY: Linear 

(ii) SEQUENCE DESCRIPTION SEQ ID N0:2 
AACTCAAAGC GGCAA 

15 . 
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INFORMATION FOR SBQ ID NO: j 

(i) SEQUENCE CHARACTERISTICS: 
LENGTH: 15 bases 

TYPE: Nucleotide (fluorescein labelled at 5' 
STRANDEDNESS: Single 
TOPOLOGY: Linear 

(ii) SEQUENCE DESCRIPTION SEQ ID NO: 3 
GCAAGGAGGA AGCAG 
INFORMATION Pfffl gpn rp NQ . A 

(i) SEQUENCE CHARACTERISTICS : 
LENGTH: 15 

TYPE: Nucleotide (fluorescein labelled at 5' 
STRANDEDNESS: Single 
TOPOLOGY: Linear 

(ii) SEOUENCE DESCRIPTION SEQ ID NO: A 
CCACAGGCAG AGCTT 



15 



4 



WO 92/04469 



PCT/GB91/01517 



- 25 - 



INFORMATION PQR SEP ID NO? 5 
( i ) SEQUENCE CHARACTERISTICS : 
LENGTH: 15 bases 

TYPE: Nucleotide (fluorescein labelled at 5') 
STRANDEDNBSS: Single 
TOPOLOGY: Linear 

(ii) SEQUENCE DESCRIPTION SEQ ID NO: 5 
GTTCAGCAGG ATTCC 
INFORMATION PQR SEP ID Nf>* a 

(i)SEQUBNCE CHARACTERISTICS: 

LENGTH: 65 bases 
TTPE: Nucleotide 
STRANDEDNESS: Single 
TOPOLOGY: Linear 

(ii) SEQUENCE DESCRIPTION SEQ ID NO: 6 



15 



CCCTCTCTCT CCCTTTCCTC CTTCCTTTCC TTCCCCTCTT CTAGTTGGCA 
ACGCT 



TGCTTTGATG 60 
65 
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INFORMATION Fqr seq Tn Mn , 7 
(i)SEQUBNCB CHARACTERISTICS: 



LENGTH: 25 bases 
TYPE: Nucleotide 
STRANDEDNESS: single 
TOPOLOGY: Linear 

(ii) SEQUENCE DESCRIPTION SEQ 
TGAAATCGGT ATTAGTGTTT GCCGC 



INFORMATION pqr SEQ Tn Mn 



( i ) SBQOENCE^CHARACTERISTICS : 

LENGTH: 25 bases 
TYPE: Nucleotide 
STRANDEDNESS : single 



(ii) SEQUENCE DESCRIPTION SEQ 
TGGTGGCTCC TAATGTACAG AATAC 



5 




TOPOLOGY: 



Linear 



7 
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CLAIMS 

1. A method for detecting the presence or absence of a target 

nucleic acid sequence in a sample by particle agglutination which 
method comprises contacting specific binding partner- coated- particles" 
vbich do not directly hybridise to the target nucleic acid sequence 
vith a species comprising nucleic acid vhich species is formed as a 
function of the presence or absence of the target nucleic acid and 
vhich also comprises at least tvo monovalent binding partners vhich - 
may be the same or different and detecting the presence or absence of 
particle agglutination mediated by said species. 

2. A method according to claim 1 wherein at least one of the 
monovalent binding partners has been incorporated into the species by 
hybridisation of a polynucleotide probe comprising one copy of a 
monovalfiM .binding partner. 

3. A method according to claim 1 wherein at least one of the 
monovalent binding partners has been incorporated into the species by 
elongation of a nucleic acid sequence. 

A method according to claim 1 wherein at least one of the 
monovalent binding partners has been incorporated into the species by 
extension of a polynucleotide primer comprising one copy of a 
monovalent binding partner. 

5- A method according to claim 1 wherein the species comprises 

only two monovalent binding partners one of which is attached to a 
polynucleotide probe vhich hybridises in an allele specific manner. 

6. A method according to claim 1 wherein the species comprises 

only tvo monovalent binding partners separated by a restriction 
endonuclease site. 

7- A method according to claim 1 vherein at least one of the 

monovalent binding partners has been incorporated into the species by 
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